APPARATUS FOR DRIVING AN IMAGING DEVICE 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an apparatus for 
driving an imaging device which is provided in a digital 
camera and the like to convert an object image to an 
electrical image signal. 

2 . Description of the Related Art 

Conventionally, in an imaging device (i.e., CCD) of a 
full frame transfer type, which is provided in an electronic 
endoscope, a light receiving element is formed by a vertical 
transfer CCD, which functions both as an accumulating unit, in 
which an electric charge generated in the light receiving 
element is accumulated, and a vertical transfer passage, 
through which the electric charge is transferred. In the 
light receiving element, a plurality of electrodes are 
provided. During an exposure period in which the light 
receiving elements are exposed, a control signal for 
controlling the light receiving elements is supplied to each 
of the electrodes, so that a potential well is formed in each 
of the light receiving elements (i.e*, the accumulating unit) 
in accordance with the control signal, and an electric charge, 
generated due to an opto-electric conversion of each of the 
light receiving elements, is accumulated in the potential 



well. In an output period of an image signal, the accumulated 
electric charge is transferred to a horizontal transfer CCD 
through the light receiving elements (i.e., the vertical 
transfer passage) , and output from the horizontal transfer CCD 
to outside. 

When a temperature of air surrounding the CCD becomes 
high, or when an accumulating period of the electric charge 
becomes long, a dark current occurs in the light receiving 
elements, and thus, unwanted electric charges are generated in 
the light receiving elements. In such a case, in the CCD of 
the full frame transfer type, the unwanted electric charges 
generated in a light receiving element flow into light 
adjacent light receiving, so that a smear occurs, which may 
cause the quality of an image signal to deteriorate. 
SUMMARY OF THE INVENTION 

Therefore, an object of the invention is to provide an 
apparatus for driving an imaging device, which prevents 
unwanted electric charges, generated due to the dark current, 
from flowing into the surrounding light receiving elements so 
that a proper image signal can be obtained. 

According to the present invention, there is provided an 
apparatus for driving an imaging device, comprising an 
accumulating period calculating processor and a voltage 
control processor . 

The accumulating period calculating processor obtains an 



accumulating period of an imaging device. The imaging device 
has a light receiving element provided with first and second 
electrodes. The voltage control processor controls voltage 
levels of the first and second electrodes during the 
accumulating period. The voltage control processor fixes a 
voltage level of the first electrode and periodically changes 
a voltage level of the second electrode, in accordance with a 
length of the accumulating period, so that a charge pumping 
operation is performed. 

Further, according to the present invention, there is 
provided an apparatus for driving an imaging device of a full 
frame transfer type, in which a light receiving element and a 
vertical transfer passage are common, the apparatus comprising 
an accumulating period calculating processor and a voltage 
control processor . 

The accumulating period calculating processor obtains an 
accumulating period of the imaging device. The light 

receiving element is provided with first and second 
electrodes, an electric charge is accumulated in the light 
receiving element for the accumulating period in accordance 
with a voltage applied to each of the first and second 
electrodes. The voltage control processor controls voltage 
levels of the first and second electrodes during the 
accumulating period, in accordance with a length of the 
accumulating period, so that a charge pumping operation is 



performed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be better understood from the 
description of the preferred embodiments of the invention set 
forth below, together with the accompanying drawings, in 
which : 

Fig, 1 is a perspective view showing a digital camera 
which has an apparatus for driving an imaging device, to which 
a first embodiment of the present invention is applied; 

Fig, 2 is a block diagram showing an electric 
construction of the digital camera; 

Fig. 3 is a view showing construction of the imaging 

device; 

Fig. 4 is a timing chart of an operation of the imaging 
device when an accumulating period is relatively long; 

Fig. 5 is a timing chart of an operation of the imaging 
device when an accumulating period is relatively short; 

Fig. 6 is a timing chart which is obtained by expanding 
a period shown by reference B in Figs. 4 and 5 in the time 
axis direction; 

Fig. 7 is a timing chart which is obtained by expanding 
a period shown by reference A in Fig. 4 in the time axis 
direction; 

Fig. 8 is a view schematically showing a charge pumping 
operation; 



Figs. 9A and 9B show a flowchart of a charge pumping 
operation routine ; 

Fig. 10 is a timing chart of an operation of the imaging 
device of a second embodiment; and 

Figs. 11A and 11B show a flowchart of a charge pumping 
operation routine of the second embodiment. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will be described below with 
reference to embodiments shown in the drawings . 

Fig. 1 is a perspective view showing a digital camera 
which has an apparatus for driving an imaging device of a 
first embodiment. 

A front surface 10a of the digital camera 10 is provided 
with a lens barrel 13, in which a photographing optical system 
12 is held. A window 18 for photometry measurement is formed 
close to the lens barrel 13, and a photometry sensor, 
described later, is attached to the window 18. A rear surface 
10c of the digital camera 10 is provided with a view finder 
(not shown) . 

An upper surface 10b of the digital camera 10 is 
provided with a liquid crystal display (LCD) 11 for indicating 
an image. Further, the upper surface 10b is provided with an 
operation panel 15 and a release button 16, by which an image 
is photographed. The operation panel 15 has various operation 
buttons for handling operations of the digital camera 10. 



With reference to Fig. 2, an electric construction of 
the digital camera 10 is described below. The operation panel 
15 and the release button 16 are connected to a control 
circuit (CPU) 40, so that the digital camera 10 is operated by 
pressing the operation buttons provided to the operation panel 
15 and the release button 16, and is controlled by the CPU 
40. 

A mirror 21, a shutter 22 and an imaging device (CCD) 30 
are arranged in this order behind the photographing optical 
system 12, and a view finder optical system 23 is disposed 
above the mirror 21. The CCD 30 is a full frame transfer type 
area sensor, and has a large number of light receiving 
elements which operate also as a vertical transfer CCD. 

Usually, the mirror 21 is positioned at an inclined 
state shown in a solid line in the drawing, to lead light 
passing through the photographing optical system 12 to the 
view finder optical system 23. In this state, the shutter 22 
is closed to shut an optical path which leads to the CCD 30. 
Conversely, when a photographing operation is carried out, the 
mirror 21 is rotated upward due to a control of a mirror drive 
circuit 24, and is positioned at a horizontal state shown in 
a broken line in the drawing. With the rotation of the mirror 
21, the shutter 22 is opened due to a control of a shutter 
drive circuit 25, so that the light passing through the 
photographing optical system 12 is radiated onto the light 



receiving elements of the CCD 30 . 

A timing signal generating circuit 41 is connected to 
the CPU 40, and generates a plurality of timing signals in 
accordance with a control of the CPU 40. Based on these 
timing signals, a CCD drive circuit 32, a correlated double 
sampling circuit (CDS) 42 and an A/D converter 43 are driven, 
and an operation of the CCD 30 is controlled by the CCD drive 
circuit 32. A temperature sensing circuit 31 having a 
temperature sensor is provided close to the CCD 30, so that an 
ambient temperature of the CCD 30 is sensed by the temperature 
sensing circuit 31, and is input to the CPU 40 as digital 
data . 

When the release button 16 is depressed, a photometry 
measurement is performed so that an accumulating period of the 
CCD 30 is determined. Namely, light, reflected by an object 
to be photographed, is sensed by the photometry sensor 18a, so 
that an electric analog luminance signal, which corresponds to 
the light and is used for photometry measurement, is input to 
a photometry circuit 19, where the luminance signal is 
converted to a digital luminance signal, and is input to the 
CPU 40. In the CPU 40, an accumulating period of the CCD 30 
is calculated based on the digital luminance signal, and then 
a photographing operation is started. 

In the photographing operation, the light, from the 
object, passes through the photographing optical system 12, 



and is radiated onto the light receiving elements of the CCD 
30. The radiated light is sensed by the CCD 30, from which an 
analog image signal is output. A reset noise is removed from 
the analog image signal in the CDS circuit 42, and is 
converted to a digital image signal of 8 bit, for example, in 
the A/D converter 43. The digital image signal is stored in 
an image memory 45 through a digital signal processing circuit 
(DSP) 44. 

The digital image signal is read from the image memory 
45, and is subjected to predetermined processes, such as a 
color correction and a gamma correction, in the DSP 44. The 
digital image signal is then stored in a memory (not shown) 
provided in a LCD indicating circuit 50. The digital image 
signal is read from the memory in accordance with a control of 
the LCD indicating circuit 50, so that an image is indicated 
by the LCD 11 based on the digital image signal. 

When the image indicated by the LCD 11 is checked by the 
operator and the release button 16 is then depressed, the 
digital image signal is recorded in a memory card 60. Namely, 
the digital image signal is read from the image memory 45, and 
is subjected to an interpolation process in the DSP 44 and is 
converted to a luminance signal and color differential 
signals. The luminance signal and color differential signals 
are subjected to a gamma correction in the DSP 44, are 
compressed by a memory card controller 62, and are recorded in 
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the memory card 60 which is mounted in a memory card slot 
61. 

With reference to Figs. 2 and 3, a construction of the 
CCD 30 and a construction for driving the CCD 30 are described 
below. 

In the CCD 30, a plurality of light receiving elements 
33 are arranged in a vertical transfer direction (shown by an 
arrow V) . Each of the light receiving elements 33 corresponds 
to a pixel forming an image. In each of the light receiving 
elements 33, a signal charge is accumulated in accordance with 
the amount of light received by the light receiving element 
33. The plurality of light receiving elements 33, which are 
arranged in the vertical transfer direction, function as a 
vertical transfer CCD (i.e., a vertical transfer passage), 
through which a signal charge generated in each of the light 
receiving elements 33 is transferred to a horizontal transfer 
CCD 35. A floating defusion amplifier (FDA) 36 is connected 
to the horizontal transfer CCD 35, and in the FDA 36, an 
electronic charge, which has been transferred thereto in a 
horizontal transfer direction (shown by an arrow H) through 
the horizontal transfer CCD 35, is output outside the CCD 
30. 

In the CCD drive circuit 32, a plurality of timing 
signals are input from the timing signal generating circuit 
41, so that <J>V1, 0V2, <pV3 and V aub signals corresponding to the 



timing signals are output to the CCD 30. 

The 4>V1, cj>V2 and <pV3 signals are provided for 
controlling a vertical transfer operation of the vertical 
transfer CCD, and are supplied to electrodes 34a, 34b and 34c 
provided to each of the light receiving elements 33 . In 
accordance with levels of the <t>Vl, cf>V2 and <pV3 signals 
supplied to the electrodes 34a, 34b and 34 c, an electric 
charge generated in the light receiving element 33 is 
accumulated therein and is vertically-transferred through the 
vertical transfer CCD formed by a plurality of the light 
receiving elements 33 . The V siab signal supplied to the CCD 30 
operates to discharge unwanted electric charge, accumulated in 
the CCD 30, toward a substrate of the CCD 30 immediately 
before the accumulating period. 

<|>H1 and $H2 signals output from the timing signal 
generating circuit 41 are supplied to the horizontal transfer 
CCD 35, and thus a horizontal transfer operation of the 
horizontal transfer CCD 35 is carried out in accordance with 
the <pHl and <pH2 signals. 

Figs . 4 and 5 are timing charts of operations of the CCD 
30. Fig. 4 shows a state in which the accumulating period is 
relatively long, and Fig. 5 shows a state in which the 
accumulating period is relatively short. 

The V sub signal is usually "1/ (i.e., low level and 20V), 
and becomes W H W (i.e., high level and 30V) at a predetermined 

10 



timing, which is determined based on an accumulating period 
calculated in accordance with a depressing operation of the 
release button 16. When the V siab signal becomes "H", unwanted 
charge , which has been generated in the light receiving 
element 33 and accumulated therein, is discharged toward the 
substrate. From the time tl at which the discharge of the 
unwanted electric charge is completed, the shutter 22 is open 
(reference SI) . As a result, accumulation of an electric 
charge is started in the vertical transfer CCD (i.e., the 
light receiving element 33) , and ends at the time t6 at which 
the shutter 22 is closed. Namely, for a period from the time 
tl through the time t6 (i.e., the accumulating period), an 
electric charge, corresponding to the object to be 
photographed, is accumulated in the vertical transfer CCD of 
the CCD 30. 

When the accumulating period, which is calculated based 
on the photometry measurement, is relatively long, the <pVl 
signal is fixed to "L" (0V) and the c|>V2 and <pV3 signals are 
repeatedly changed between U H" (10V) and tf L" (0V) at a 
predetermined timing, for the accumulating period from the 
time tl to the time t6 as shown in Fig. 4. Conversely, when 
the accumulating period is relatively short, the <t>Vl signal is 
fixed to "L" and the <pV2 and <t>V3 signals are fixed to "H", for 
the accumulating period from the time tl to the time t6 as 
shown in Fig . 5 . 



When the accumulation of the electric charge in the 
vertical transfer CCD ends, i.e., at the time t6, the <t>Vl 
signal starts to repeatedly change between U H" (10V) and "L" 
(OV) at a predetermined timing ^ and — the — <£V2 — and — $V3 — signa3rs— 
repeairedlyHgimfrge^e^^ the — gam e L ii i LLiiy as bha-t— 
in — the— arccumul ati-ng~pe^i-od as shown in Figs. 4 and 5. Namely, 
the electric voltage levels of the 4>V1 , <J>V2 and <pV3 signals 
are changed. Changes of the electric voltage levels of the 
<pVl , <pV2 and <t>V3 signals in a period shown by reference B in 
Figs. 4 and 5 are expanded in the time axis direction and 
shown in Fig. 6. 

As understood from Fig. 6, at the time t7 , the <t>Vl 
signal is M L", and the <t>V2 and <|>V3 signals are W H". At the time 
t8, the 4>V2 signal is changed to M L", at the time t9, the <J>V1 
signal is changed to "H" , and at the time tlO, the $V3 signal 
is changed to "L". Thus, the <t>Vl , 0V2 and cJ>V3 signals are 
successively changed, so that a potential well is moved in the 
vertical transfer direction, and thus an electric charge is 
transferred to the horizontal transfer CCD 35. 

The electric charge, which has been transferred to the 
horizontal transfer CCD 35, is transferred to the FDA 36 in 
accordance with the <t>Hl and c{>H2 signals (see Fig. 3) , and an 
image signal is output from the CCD 30 by successive single 
horizontal lines. 

The <pVl, <pV2 and cf>V3 signals in the accumulating period 
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are described in detail. As described above, the cJ>Vl signal 
is fixed to "L" for the accumulating period, regardless of the 
length of the accumulating period. Conversely, the electric 
voltage levels of the cj>V2 and <t>V3 signals are changed between 
"H w and "L" only when the accumulating period is relatively 
long. Changes of the electric voltage levels of the 0V2 and 
<1>V3 signals for a period shown by reference A in Fig. 4 are 
expanded in the time axis direction and shown in Fig. 7. 

Immediately before the time t2, the <pV2 and <pV3 signals 
are "H". The 0V2 signal is changed to at the time t2 , and 

is again returned to u H n at the time t3 . After the time t3, 
the <(>V3 signal becomes "L" from the time t4 to the time t5 . 
After the time t5 , the <|>V2 and <J)V3 signals continue to be "H", 
and then the <pV2 signal is again changed to "L". Thus, the 
operation described above is repeated, so that a charge 
pumping operation effect occurs , whereby unwanted charges are 
removed . 

The charge pumping operation is described below with 
reference to Figs .4,7 and 8 . 

For the accumulating period, a voltage applied to the 
electrode 34a, i.e., the <pVl signal is always "L", and 
therefore, a potential well is not formed in a portion 
corresponding to the electrode 34a. 

For a period from the time tl to the time t2 , a voltage 
of "L" is applied only to the electrode 34a, and a voltage of 



u H n is applied to each of the electrodes 34b and 34 c. 
Therefore, a potential well is formed in a portion 
corresponding to each of the electrodes 34b and 34c, and a 
portion corresponding to the electrode 34a becomes a potential 
barrier, to divide a pixel "1" and a pixel "2" which is adjacent 
to the pixel "1", from each other. In the potential well 
corresponding to each of the pixels, a signal charge 
(electrons) and an unwanted charge (electrons) , which are 
generated in the light receiving element 33, are held. In 
this specification, for the ease of explanation, it is 
supposed that the number of the signal charges is two and the 
number of the unwanted charges is two, in a portion 
corresponding to each of the electrodes 34b and 34 c. 

At the time t2 , the voltage level of the <pV2 signal is 
changed to M L", so that a voltage of is applied to the 

electrode 34b. Therefore, a surface level of a portion 
corresponding to the electrode 34b is lowered, so that holes 
are formed adjacent to an interface between an insulating 
layer and a semiconductor, and thus the interface temporarily 
becomes an inverse state. In the area of the inverse state, 
electrons and the holes recombine with each other, so that the 
electric charges, occurring because of a dark current, 
disappear. Note that, in the example shown in Fig. 8, the two 
unwanted charges recombine with the holes. The amount of 
recombined electric charges is controlled by a period for 



which the M L B signal is maintained in the electrode 34b. The 
period is obtained by an experiment such that the signal 
charge is not recombined with the hole and only the unwanted 
charge is recombined with the hole, and may be approximately 
5 a few ]i sec, for example. 

When it becomes the time t3, the voltage level of the 
<J>V2 signal is returned to "H", so that a potential well is 
again formed, and thus light is received and an electric 
charge is accumulated in the potential well. Then, when it 

10 becomes the time t4 , the voltage level of the <|>V3 signal is 
changed to "L", so that a voltage of "L" is applied to the 
electrode 34c. Therefore, a surface level of a portion 
corresponding to the electrode 34c is lowered, so that holes 
are formed adjacent to an interface between an insulating 

15 layer and a semiconductor, and thus a hole is recombined with 
an electric charge of a dark current component, whereby 
unwanted charges disappear. 

When it becomes the time t5, the voltage level of the 
<J>V3 signal is returned to M H", so that light is received and an 

20 electric charge is accumulated in the potential well. 

The voltage control of the electrodes 34b and 34 c 
described above is repeatedly carried out, with a constant 
period, so that an unwanted charge disappears due to a 
recombination of a hole and an unwanted charge, i.e., a charge 

25 pumping operation. 



With reference to Figs. 9A and 9B, a charge pumping 
operation routine, by which a charge pumping operation is 
performed in accordance with a length of an accumulating 
period. The charge pumping operation routine is executed in 
the CPU 40, and is started when the release button 16 is 
depressed. 

In Step 120, a photometry measurement is carried out 
using the photometry sensor 18a and the photometry circuit 19, 
and thus an accumulating period M te" of the CCD 30 is 
calculated based on a digital luminance signal for photometry 
measurement, which is input from the photometry circuit 19. 
In Step 130, an ambient temperature of the CCD 30 is sensed by 
the temperature sensing circuit 31, and data "Tc" of the 
ambient temperature is obtained. An unwanted charge is 
changed in accordance with not only the length of the 
accumulating period "te" but also the ambient temperature of 
the CCD 30. Namely, if the ambient temperature becomes high, 
the amount of unwanted charge becomes large, and if the 
ambient temperature becomes low, the amount of the unwanted 
charge becomes small. Therefore, in Step 140, a standard 
period "tp", based on which it is determined whether or not a 
charge pumping operation is carried out, is calculated in 
accordance with the ambient temperature of the CCD 30. 
Namely, a look-up-table (LUT) provided in the CPU 40 is 
referred to, so that the standard period "tp" corresponding to 



the ambient temperature of the CCD 30 is obtained. Note that 
the LUT is generated based on an experiment. 

In Step 150, it is determined whether the calculated 
accumulating period u te" is longer than or equal to the 
standard period "tp". When the accumulating period "te" is 
longer than or equal to the standard period a tp", i.e., when 
the amount of unwanted charge generated in the CCD is large, 
Step 160 is executed to set a pumping mode in which a charge 
pumping operation is performed by the timing signal generating 
circuit 41. Conversely, when it is determined in Step 150 
that the accumulating period "te" is shorter than the standard 
period "tp n , Step 170 is executed to set a non-pumping mode in 
which the charge pumping operation is not performed by the 
timing signal generating circuit 41. 

After the process of Step 160 or 170, Step 200 is 
executed in which the mirror 21 is rotated upward by the 
mirror drive circuit 24, so that the mirror 21 is set to the 
horizontal condition shown by the broken line in Fig. 2. In 
Step 210, the V sub signal is changed to a H", so that unwanted 
charge is discharged, and in Step 220, an accumulating mode in 
which an electric charge is accumulated in the CCD 30 is 
set. 

In Step 230, the shutter 22 is open, so that the CCD 30 
is exposed, and thus accumulation of electric charge is 
started. The electric charge accumulation is performed in the 
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pumping mode or the non-pumping mode, in accordance with the 
length of the accumulating period "te". 

The exposure of the CCD 30 is continued until it is 
determined in Step 240 that the accumulating period "te" has 
5 passed. When it is determined in Step 240 that the 

accumulating period "te" has passed, the shutter 22 is closed 
in Step 250, and a reading mode, in which a vertical transfer 
and a horizontal transfer are carried out in the CCD 30 to 
read out an image signal, is set in Step 260. The image 

10 signal is read out by successive single horizontal scanning 
lines until it is determined in Step 270 that the reading 
operation of the image signal has been completed. When it is 
determined in Step 270 that the reading operation has been 
completed, Step 280 is executed in which the mirror 21 is 

15 rotated downward to the inclined position shown by the solid 
line in Fig. 2, and thus the charge pumping operation routine 
ends . 

Due to the charge pumping operation routine, the charge 
pumping operation is performed in accordance with the length 
20 of the accumulating period and the ambient temperature of the 
CCD 30, for the accumulating period. In the first embodiment, 
although an area sensor of a full frame transfer type is used 
as the CCD 30, another area sensor of an inter line type can 
be utilized. In the inter line type area sensor, a photo- 
25 diode and a vertical transfer CCD are independently provided, 
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and unwanted charge generated in the photo-diode flows into 
the vertical transfer CCD. The amount of the unwanted charge 
is changed in accordance with the accumulating period, and the 
unwanted charge can be removed by performing the charge 
pumping operation in the vertical transfer CCD in accordance 
with the accumulating period, in a similar way as the full 
frame transfer type area sensor. 

As described above, in the first embodiment, a charge 
pumping operation is performed in the accumulating period in 
accordance with the length thereof. Namely, when the 

accumulating period is relatively long, the voltage levels of 
the <(>V2 and c|>V3 signals, applied to the electrodes 34b and 
34c, respectively, are periodically changed, while the voltage 
level of the <t>Vl signal applied to the electrode 34a is fixed, 
for the accumulating period. Due to this, an unwanted charge 
generated in the light receiving element 33 disappears, so 
that the unwanted charge is prevented from flowing into other 
light receiving elements surrounding the light receiving 
element 33. Therefore, the image signal is prevented from 
smear, and thus the image quality is improved. Conversely, 
when the accumulating period is relatively short, the charge 
pumping operation is not performed during the accumulating 
period, the <pVl , <pV2 and <pV3 applied to the electrodes 34a, 
34b and 34c are fixed at predetermined levels, respectively. 

With reference to Figs. 10, 11A and 11B, a second 
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embodiment is described below. The amount of generation of 
unwanted charge becomes large as the accumulating period 
becomes long. Therefore, in the second embodiment, the period 
of the charge pumping operation, i.e., the application of 
5 voltages to the electrodes 34b and 34c, is changed in 
accordance with the accumulating period, so that the frequency 
of the charge pumping operation is changed. Except for the 
change of the period of the charge pumping operation, the 
construction and the operation of the second embodiment are 

10 the* same as those of the first embodiment, and therefore, only 
the points of difference are described below. 

In Fig. 10, for the accumulating period from the time tl 
through the time t6, the <$>V2 signal and the ct>V3 signal are 
repeated between "H" and M L" while the <|>V1 signal is fixed. 

15 Note that a time interval "tpi" of the change of the <pV2 and 
<t>V3 signals, i.e. the charge pumping operation, is changed in 
accordance with the accumulating period. 

A charge pumping operation routine shown in Figs. 11A 
and 11B is obtained by replacing Steps 140, 150, 160 and 170 

2 0 of the charge pumping operation routine of the first 
embodiment shown in Fig. 9A with Steps 300 and 310. 

In Step 300, the period of the charge pumping operation, 
i.e. the time interval - tpi", is calculated. The time interval 
M tpi" is a period in which the $V2 and <|>V3 signals are changed 

25 from "H" to "L" and is again changed from M H" to "L". The time 

20 



h 



interval "tpi" is calculated in accordance with the 
accumulating period M te" and the ambient temperature "Tc" of the 
CCD 30. Namely, the time interval "tpi" is calculated 
according to the formula (1) : 
5 tpi = (kl/te) + (k2/Tc) + k3 ...(1) 

wherein kl, k2 and k3 are arbitrary constants, and obtained by 
an experiment. 

In Step 310, the time interval "tpi" calculated in Step 
300 is set as a period of each of the $V2 and <pV3 signals, and 

10 data corresponding to the period of the 4>V2 and <pV3 signals 
are input to the timing signal generating circuit 41. Thus, 
after the accumulating mode period is set in Step 220 and an 
exposure operation is started in Step 230, a charge pumping 
operation is performed in accordance with the calculated time 

15 interval "tpi". 

In the second embodiment, as the accumulating period 
becomes relatively long, the time interval of the charge 
pumping operation performed for the accumulating period 
becomes short. Namely, when the accumulating period becomes 

20 long, the frequency of the charge pumping operation deer-eases. 

A- 

When the unwanted charge, generated by a dark current, is not 
fully removed from a photo-diode by a performance a charge 
pumping operation, if the accumulating period is short, a 
smear of the image signal would be insignificant since the 
25 amount of unwanted charge remaining in a photo-diode is small, 
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and conversely, if the accumulating period is long, the smear 
would be significant since the amount of unwanted charge is 
large. Accordingly, to prevent this, the time interval of the 
charge pumping operation is controlled to be short when the 
5 accumulating period is long, so that the amount of unwanted 
charge remaining in the photo-diode becomes small . 

Although the embodiments of the present invention have 
been described herein with reference to the accompanying 
drawings, obviously many modifications and changes may be made 

10 by those skilled in this art without departing from the scope 
of the invention. 
S^30J^ present disclosure relates to subject matter 

contained^ in Japanese Patent Application No. 11-150544 (filed 
on May 28V 1999) which is expressly incorporated herein, by 

15 reference, in its entirety. 
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